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(57)Abstract: 

PURPOSE: To improve radiation of heat of a gate 
electrode part of a FET for high frequency while holding 
a substrate thickness in a semiconductor device and 
preparation thereof. 

CONSTITUTION: Hole entrance parts are formed on 
both sides of of gate electrodes on the substrate 
surface by performing dry etching in the vertical 
direction through dry etching, continuously the hole body 
parts are formed respectively down the respective hole 
entrance parts by wet etching whereby respective hole V 
body parts may be linked together to be one cavity. 
Further, a metal is formed inside the cavity. Accordingly, 
heat generated near the gates is made to be conducted 
from inside the cavity toward the cavity entrance 
direction. 
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[ttflft$©BH] 

[is** i ] *m#mte<D-3imimm&m : ?*ii? 

3¥«*^gtefci^T, 
*tt«k**iMW*:«B. 

[IS** 2 ] fit** 1 IE«<D^t*S«tc*^T, 
[IS** 3 ] IS** 1 tEfc©¥#f*£EBte:f3^T, 
[IS** 4 ] IS** 1 gE«<D¥»ft«Bt*l,>T, 

[is** 5 ] is** i imo^mtemmicts^T, 

[IS** 6 ] IS** i EttO¥*ftltlllc&^T. 

±is£rpitt, 

±i28&tt3R^©£^Bfc:fo^T»J«;£nfc 20©£ 20 

[IS** 7 ] IS** 2 IEtc©¥2gtiM£fite*5^T, 
WteSSKSns k k fete, ±ES«©flS±ffi«l»i:jBjS£ 

nfcBwa«« k ««WfcJ8«5sti-a ^ c k *4$a k ? 

[IS** 8] H*«3E«<0##(*gHtefet>T, 
±ESB»tt*^H:«J|iSWIlh5V^X*T*»), 30 

Wfc&HSns k k fete, ±IESffiOfft±ffiltJte««S 
nfc^BBfcBBWfcsttSftT^SckfcttBfc-r 

[IS** 9 ] i|i«M*Sfi±teEB*nfc»l»1t*?0 

tt©#X k Jf«tt©5tfX*m^T±EiWtt:*K*£B 
[6] te x -y ?- > L T *-;!/ A 0 PSS*flMt 5 IS 40 

fite&4 *-;I/*f*W*^J« U *■©!»&*-;]/*#« 
|B]± A s o& o T l oco^jH t & § j; ^ te -r 5 IS i: % 
Strc k*ft«k*S¥Wtt8fi©»5S7jifc, 

[is** i o ] is** 9 amco^mwmmcomm^m 

tefci^T, 

±IBatE±fc, »2©xy*+>hfc*tLT»«Btt* 
*-r*x-y^yy^h«y^B*^-LTjSttB*»J«U 
c©±K±IE58«H4JIH 1 *Rtt*iak, 50 



fSM¥6-3 10 5 4 7 

2 

S3 1 ©X>yf-+> h£fflt^T±fB*-;l/A9P^*flM 

tsiak, 

m 2 ©x>y ?•+ > h *ffll,*T±K*-;I/*tt^fl&J«1- 
Sl8k*£tS c k*#$k ^3¥«<*l£B©tyii£ 

So 

[18**1 1] ¥S«*»80-±ffifcJBj8SnfcB!l& 
tt?g?k, KS8»ttilH 5 ©BTfcJs^T±E*Kfc*© 
BffiB*»6.««*nfcH»i:» ±IESS©»®«ik± 
E»K©±iiias k *B»r* / vr k *«*. fc 
¥HH*8Btefc^T, 

±IElH]gBkLT, ±E»S»tt*?©»~Ffcffl3-fS»« 

T»«*nTv^*c k*«f«k-rs*j»{*«B. 
[is** 12] im»w&±icm&ttiitmmsi^ 

©STteD3»**rU ±IESfi©»S«*ii:±IEgffi© 

±.mn® k *>v v r *-;i/-e««t« nra s*»fl«B 

*ttfiTS/ji£te:fc^T, 

±IB/W7*-;l*j|M-r^£1I«cte3f l ©rap** 
U ±IEIH]g&*ffM-f ^£fi*te±fElg 1 ©MP «fe »> fe 
PiOlIiD'h? (, ^«»©3i 2 ©rap**-f 5i >y f - y 9 

VX^^ffl^T±IE«ffi^^©*S^e.'>X'y H7f 

s. ±IE*ta©H 2 ©HP* <3 ©x -y y y«toft«<-3 

[IS** 13] ¥#&S^±te^$2n/-c?g£lttjit? 
©iSTteiagp^^L, ±E»K©Bffi«Sk±B»«© 

±E/^7*-/i/*»j«t'<tB«KS i ©ran** 
u ±iEiH]gi5*^-r^tffi^te±iES i ©rap<t »> fe 
fflpffif«©/j%$ i/>«a©s 2 ©ipm5i7 f-y y 

»©ia»*»*r*ia**oc k*»«k-rs^«w* 

[»** 1 4 ] ¥«K*»R±K:«ja*nfc«J»ttilS? 
©*TtelH]gp*£U ±IESS©Sffl««k±IE8S© 

±E»KBffi»J©^i'7*-/l/*»J«-r^*««©-ffi 
te F^x-yf-vytcfcOS 1 ©if **WtS/W7* 
— ^JgfiJtffl E3S15*Jgfi)c-r 5 XS k „ 
±8E/W7*-;l/*ffMt^t^, Ry±fE(Hlgp*» 

«-r^^te?-n^nrap*frr5x-yf->^vx^ 

*ffl^T±IESffi*^©K®^5.^x-y Hyfyy'L 

t, B2©»***t5iaaj*fl5*-rskkfefc, 

7 *-;l/S»Bffi©-fffr 6 ±SE8«^® t X-MMt « 
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[11*1115] *mwmw.±.\m&i£fttzmm.m=f- 
zmmtzirmas^x, 

hx>y^vyLT3n©SS*ft*5>W7#-rt/»S 

.fcJE«B©, ±iaA-C7*-;^ffM^?« &t>* 
±Cia»*JBfiW^*lW*, c tie offl«KJti5^ * 

7" LT, ±K> V 7*-;l/gaRKffi©-a$fr B±IBS« 
*ffi*T*RiiS-a-Tft5-'W7*-;l/aiffiS*}BJ5R-r5 
fcfcfcfc, fg4©rS££Wt3IH]^£jej£t3Xgk£ 

[W*J« 1 6 ] If 1 4 $ fctt 1 5 IB*©¥«*g 

lEHSrt*- £JST*3S*n)-5Xg%^t?c tmWit 

[0001] 

ifi/tiifcHIU ^(Cft^^#ft (GaAsI) K«fc5 
iSliSfflCQF E TSfctt I C (MM I C ; Microwave Ho 
nolithic Integrated Circuit ) \cMt% $><DX$>Z> 0 
[0 0 0 2] 

ivt.%<D&m se*oK^jgfflF e T&zwt i c cm 

M I C) <DfrE£0 1 9tC7jrr o Sfc, ^©HBg7°n-tr 
X7D-^12 0(a) ~HI2 0(c) icfjkto miClS^ 
X , l i? , Wxtf G a A s SffitfftJB&ffi i: 

LT<£<fflv^n3 0 2ttco«6i±fc»j«*ftfcH 
V-<ymMX\ AuCe/Ni/AuO«I#ltfi< 

ffl^enso 3«s« i iKMstifty- 

CfttttT i /A 1 ©Wf&Jl;tf<fc<ffl^5>*l3o 6te 
ifil±KM«nftV-^liT, AuGe/Ni/ 
Au©«H£JSa<J:<ffl^SttS. 7 fi»£ 1 XtcffM 
$tl/imai-r?./W7*-;KD±g|5IIST*fet», T i/ 
AutfctiT i/A 1 ©8Wf:&Jgtf<fc<fflV' i 5*x5c 8 

ttv-r^nahuvTrare, Ti/Auoti^w 

^«k<ffl^e>n5o 9«Stgi*ftii-rs-'W7*-;l/ 
M?ns» i oasis i onffi^tctJfcoTJgfig* 

tti t ft s«i«)b^«$ nx «, © t-r §o 

[0003] #(C0 2 0 OiSJI^MM I C ©S¥ii7n-b: 

z7u-ic-o^T3ffltZo £f\ Msixtcv-x® 
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(*n j e f tiHSv&'f) *«<s-r 

S„ v^T 7 ox r- U -y TEH 8 KWM • U 7 h *7 
• 'J7h*7fe<ktf^-y+k:J:*)JB«-r5 (020(a) 

) o 

[0 0 0 4] ?lf|^^T, W& 1 ©SBfrSBfi], 7-y 
tfy^, ^U'y~»^, x-y^yyjcj:»3»tgftj!inx* 

SSifci oo~20o;^py©ism„ 

^LT, /W7*-;l/±g|5ttffi7<OIITt»tSl^Ma 
10 t5;W7*-^9*x-yf->ytJ;f)Mt3 (0 2 
0(b) ) o 

[0005] i ©«ffi£«fc:fcfc t)%kW.M* 

•y+tciON i/AuWU Se.(ca(g^-y*tj; 
t> A u Ci: !<:*»>, ±B/W7*-;I/±»« 

s 7 ta^Wfcjga-r § ? 5 > vm® 1 0 *j&a-r * 

(0 2 0(c) ) 0 
[0006] 

20 £ntVS©T\ 1 ©JP&tf 1 00~2005^n 

vv&ztttbm&.m*<D'b-s^G a a s mmm= 4 

6W/m- K) y-bWS3&0n&9-L1tm> 

&#-f * fc*»c»S©W#* 3 0 5 * a >@JS * XB < 
k colony KU vy#BliT?& 

[0007] tczx\ m7Limfflm§\-zsz%m'£M, 

»HB63- 198377^4^8. #PwW4-311069^$8ic, 8 

it. ±BE3»l:A-r7*-;l/i:* j en j eftJ14*vx^ 
*ffll^Txyf->yLT«J«-r5OA*lfjlT-*0» CCD 
*^{c«SjtXS©ti]ta^, SH©^!Wt:tcf#?vx^ 

40 [0008] C <D^m\,t±M<DX -5 ft|HIHjA«IKft-r « 
fc46tCft$nfctcDT% SlfiJl^ 1 00~2 00 = ^n 

«K«fffi^«JStt*|fiiI±**S C i:©T't 

[0 0 0 9] S^c©fga^(i, KigxaAWT% 
»SAW^S!B*»SC f:3b^#S¥«M*Sf«oS{Jly3 

[0 0 10] 

50 Hit. fflg±tjgi«*nfc«ll!M4SR^OieTai5t^iH* 



5 

TftWfaJ^fcLfcfcO-efcSo $fc» ±E«SiHrtffi 
$ 6 Ic fiSUffifr 5 ±E£fi»fc 3 *-;l>«Mt L 
J^KLft&cDT&So 

[0 0 1 1] £ft, CO«Wt«S*SW*»*{i, ±12 

fgjisttiR^oitTKffiai-ssfimwKSttaiiiiiiJ^e 

COO 1 2] g£C0¥W*&IE£tt£¥W4&II<Dii 
*-;]/*»> PWOT^rfc*-* *-^*f*:W*»B8L, * 
[00 1 3] Sfc, ±ES«*ffite»2<DX>y^+yh 

U S20x-yf-+>h*ffll^T±IB*-;l'**W*» 20 

[0 0 14] $fc, C08HICffi£*NI|{t«ll0H&£ 
ffitt, /W7*-;I/i«iOSlOI!lDfc, 1 <OM 

^©liflafretfx-y hX-y^-y^feS^tiF^l'x-yf- 

y?*U /W7*->l/fcMWfc*raB#fc3j8*3«fc9£ 
Lft&CQT'&S,, 

[0 0 15] £ft, C©«Wt«Si|iSW**llOKifi^ 

SE®*g»Bu $ T»JtH S -BrT * 5 >U 7 

[0 0 16] £ft, CORWtfifiS^WftttlOKifi^ 
ffitt. »««iBfillo/ W 7*-yHgja««o-»K f x 
■y hx-y^-yyt<I:»)a3<OjS8**WrS/W7*-;l/ 40 

tf±Eia«*JB«f ^tfliWKtn^njiipiwr*^ 
^■«ia»*»j5ws t £ & ic, ±e» V7*-;i/»»js 

-;i/Kiigp*ffM-rs J; ? tc Lftfc©T*£So 

[0 0 1 7] 
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[0018] tit. ±m&mpimcm<E>nrc&mm<D 

t fcttf 5 <fc o L ft ©T\ ; W 7 *-;!/ i: 

[0019] tft, coamicfe^Ttt, as&tt*?© 
fc&MiJoastcBfiKLft^-^APSPfcwu, ens 

-;I/H±*««E-T 5 «fc 3 ic Lft £ , ±KBi&tt* : FiI 

[0 0 2 0] Sfc, ISltMLf;, 82®x>y?-+ 
> h fC ft L ZT-mWtt 5 x -y f - y 9 X h -y /KM IC i 

[00 2 1] £ft, CCO^tfc^Tti, ^^7*-;l/ 
Jgfigfflcom 1 ©MP*:, KSS l ©MPJ: !> tMPSSIA^ 

**HMft©SB 2 oma^t^fsamamom 2 qm 

Pfc^Tf S^X^ffl^T^X-y hX-y^y^St,-" 
[0 0 2 2] Sfc, afi»B5WcK5^x.y^^yic«k 

&tf^-('7*-;l/a«P*««t4fci:t>»c, KSSRlSffi 

[0 0 2 3] lift, Sffi«ffi»C^X-y hx-yf-V^K 

J;»)!B30j»«*Wra^'('7*-;l'affl5*»*t, ± 
E/W7*-;l/*»i«-r^t««. Stf±EE3»*»* 
^tfR«tBBP*^« , vX^*ffll,^TK5-l'x.y^ 
y y*ffv^ 4 ©8S*W-rSH»*fl5jjM-S i: 1 1> 
t , 6 ±E«R«ffi $ TJia S 

*T*5-»W7*-;miS»*»i«'r*ci:teJ:»), Dfl 

gptc « » 5 s«©s l mzm% k. mm* 5 c t t 

[002 4] 

HffiMM I COWfSHT'fct), HI 2 (a) ~(e) It^om 

H8aH-«F^ttH-S ft(iffl^g|5^^L, 4«y- 
hg|5iIT©»S 1 K«ja*tlfcffi JHT*«o Sfc 4 a (i 
y-Xfl1i6OitTti:fl : M$nftSPc0A , 3PgPT\ 4 
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*«, SIS 1 «ffitfig1MfcfcSS«;WlMSftT^5 

[0 0 2 5] ^KH2t^-r8aft^ , n-feX7n-Op« 
tO^TittWrSo $-f, GaAsiillKKWV 

3*a»- U7h*7T!flMtS (02(a) ) „ *^ 
T% l-'W y«H fc a S «5#k K 5 f X -y f- yf \z J: 0 

X£ I ft 4 ©*J&-PiE-&Lfcfe©*fflt\ 7* h U-7X 
h (0^-tff) £-?7 7tcLT3 OmTorr ©JEftT' 1 0 
»iax7fy^r5Ct(CJ:0, ?£S!ftl 0S*n>© 
fi*4*-/P (A0P») 4 atfM^nS (0 2(b) 

) o 

[0 0 2 6] *'T, raC^+hU^h**®**^ 

mmjjxtmmimmjjxz 1 *t i ow^-pg^Lfct 

©fcfflVT, 6 0raTorr ©E7jT*3 0ftm^>y?>7? 
St, S£^5 0 = ?py©3£fiW&#-;UjW&/ijc£n 

T»tt***-;l/fc*-/Mflra*ft, i ooigo* 

(*ftg|J) 4 btfflM£tlS (0 2(c) ) o CCD t 

#fi«tx-y^yyufc»»tt4 s kissi 

fig% (Si, C . CI, O^iJMStin^) #5SS© 
T\ fitfitc X >y 1 S & fttffM Lfc A 0 Pgfl 

4 avrnmimtutctiZo iit^^n^x 

fctt A u ££iPl*l£M 5 tLXBf&t% (0 2(d) ) „ 
[0 0 2 7] #VT\ V-*««6*S3»« >J7h*7 
KTML, ifcvc, XyS^-faVH, jSfit. -TV 

*-w<s/* (^n^'n07n^-f) £ffMts 0 

%fcCC Ttt2iHrt&* 5 IC «fc o TBSj-T S V-X*S 
6 IH*'»tt«ftfcfefl!) t &o Tl^S tf, fSfflgftic £ t 
T^ilfllrt^M 5 t y-Xtl 6 t Srg^L&l^cfc 3 let 
SCtt>&So *tv-f^nXhUy^B»8*IR«' 
'J 7 h * 7 ic «k 0 Jgfigf S„ 2 e> tc / V 7 *-;kLSMI 

as i oaB^ewBij. ^try?. #u»s/> 

1 £l 00~2005^D>(DiSlcn„ ^LtW 

7*-;v±ants 7 cottTicsis i %ma-r 

U S6lc^»;+lc<):t) A u^MtScttJ; 
0. JbE'^f 7#-/l/±awW7 tfflMWic&Srrs^ 
5>KMl 0 KAMI'S (0 2(e) ) „ 
[002 8] C<Dj:-5fc*^j5f6fflJt«J:nif, y-Smfii 
3&tfy-XBffi6irF©G a A s»&l tcy-X*! 



(5) W6-3 1 0 5 47 
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iB©A?)PgR4 a ©7j|6K\t<E$-f Mfc 

4rt{c«cnicr , p^T^Prt^JS)i (^©iftew$3 1 

9W/m- K) 5^«**lTt^ft«>, gi£«*©& 

[00 2 9] gfififfl 2 . * t*56WO» 2 ©SWJtC ± 
SHiJIifcMM I CRtf*©«iS#»*HteO^TttW-r 
10 So 03(C^-r<k5lC> <:©*5i0l|2T-H\ £rll4i*3£ 
OT'Jt^-rSidfcLfct^TfeSo 

[0030] *t»ifi^rffiico^TKwr*. ±fesnis 

Mi:IBI*»cLT»giaffifcKH'y««2. 4*-h* 
a3»SU xy^yyfci&SjHAOPflU a. * 
<*g|54 b^ffM-TS (0 4(a) ~(c) M o 
[00 3 1] «^T, »a»^>y*X«/^l/X^©*§t 
* 'V *tc «t 0 , N i $ fctt A u m<0&m 5 0 T*#-;l/ 4 

(04(d) ) o #^-e±E**«<JfcH« 
fc, SWS&tfffiOiaH^OJ&S. SESSfldnil. 
20 /W7*-MWR0t*ffV\ Itlc^yFtllO^ 
ffM-TS (0 4(e) ) o 

[0 0 3 2] C©J:a(C*ll»J2Tii> £}H4rt*^ 
IS 5 0 T?t«-r S C t \C <fc 0 N h mffi 3 jfi^T'^ 

Bmc&zwmmv>i&~F*&j±t&£ttfX'ZZo * 

fe, JJttl 5 0 LTtt, Sfi 1 fcKUWMijWfit^ 

[00 33] *)S1S01J 3 . *K*58W©S 3 ©HMMC J: 
30 SS^SMM I Catf^OSBfi^ffiSBUCOV^TttW-r 
So 0 5(C^-T<i:9(c, C 3 Sri4rt^r 

o-r-^a-rstfctii:, GaAsHin^ 

£iPgi54{C(pIltT*-;b4 c^JgfigU crt(C 

1 ^?t«LTa«e<3tc»s©y7y K«fl 1 0 k 

V-X1HS6 Z Zoic tfcfe©T'*So 

[0 0 3 4] ^t»Jfi»jS6tOV^TlBWr5o 0 6(a) 
~(d) ©lSfi;04(a) ~(d) ©Igi:(H|-T^S© 
T% CCXtt%tlim<DXmc'3^XWiWt%o 0 6 
(e) tStcfc^tc, ItSJMLfti, £&l£l 0 
40 0~2 0 0 5^py(C»fi<btS„ COif/WT*- 

[0 0 3 5] #VT\ 06(f) (CfcV^T, 7^-hbv ; X 
h (0^#-f) ^vxftK^-fx-yf-yyfc.fcOSIR 
lSffi»C*-;l/4 c^ffML^Pg|54 kiSil^H+So ^ 

•3^S)B^-y*(CJ;0N i/AuWU $6.(ca^ 
^7+iavAu^MLTliilil 0SO*^I5 1 

t-rso 

[003 6] C©,t?a7jffi*fflt,>S21i:lCi!y, M 

so »©fc*©2S}Hrt^si:, y-xaffi6*s«-rsfci6 
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[0037] mmm 4 . mc*wmm 4 ©naw 4 t 

<fc£«^i£MM I C*m\z~D^TWmtZ> a 0 7lC7r;T 
cfc^K. COtiMt'ttGaAsiti-AlGaA 
s, ^y?rm, n-G a A sJf£li;fr»JIL/ck©£ 

[0 0 3 8] fcCF, fB17ji£fcO(,'>Tli8BtSo G a A 
sSIl±lCi-Al GaAsllc, ^77?1 1 
b, n-GaAsil aMLfcIfitWU 

fr B t &Lfc&©£ffli/>T, 3 0mTorr <DBLtlT' n — G a A 
s®l a, 1 b, i-AlGaAsIlc5; 

iiti-yf>yL fern, &«#x fc rattfbijRffx 

A7-yftBS**X* 1 *f 4*f 1 ©fJ£T**i£Lfcfc©£ 
ffl^T, 6 OmTorr CDE7jT*3 0^Hx-y^y^-r5 

»-r**-;l/i:*-;W«f«Sn 1 o«HH4 OjWBjSS 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this 
translation. 

LThis document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** s h ows the word which can not be 

translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The semiconductor device 
characterized by establishing a cavity in 
one principal plane of a semi-conductor 
substrate in the semiconductor device 
which has a febrile component at the 
semi-conductor substrate [ directly 
under ] of the above-mentioned febrile 
component. 

[Claim 2] The semiconductor device 
characterized by forming a metal 
membrane in the above-mentioned 
cavernous inside in a semiconductor 
device according to claim 1. 
[Claim 3] The semiconductor device 
characterized by filling up the inside of 
the above-mentioned cavity with a metal 
layer in a semiconductor device according 
to claim 1. 

[Claim 4] The semiconductor device 
characterized by forming the thermally 
conductive good film in the 



above-mentioned cavernous inside from 
the above-mentioned semi-conductor 
substrate in a semiconductor device 
according to claim 1. 

[Claim 5] The semiconductor device 
characterized by filling up the inside of 
the above-mentioned cavity with a 
thermally conductive good layer from the 
above-mentioned semi-conductor 
substrate in a semiconductor device 
according to claim 1. 

[Claim 6] The above-mentioned cavity is 
a semiconductor device characterized by 
being the thing which comes to connect 
two cavities formed [ in / on a 
semiconductor device according to claim 1 
and / the right-and-left both sides of the 
above-mentioned febrile component ] in 
the lower part of the above-mentioned 
febrile component. 

[Claim 7] It is the semiconductor device 
characterized by for the above-mentioned 
febrile component being a field-effect 
transistor in a semiconductor device 
according to claim 2, and connecting the 
above-mentioned metal membrane with 
the earth electrode formed in the other 
principal plane side of the 
above-mentioned substrate while 
connecting with the ohmic electrode of 
this transistor electrically electrically. 
[Claim 8] It is the semiconductor device 
characterized by for the above-mentioned 
febrile component being a field-effect 
transistor in a semiconductor device 
according to claim 3, and connecting the 
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above-mentioned metal layer with the 
earth electrode formed in the other 
principal plane side of the 
above-mentioned substrate while 
connecting with the ohmic electrode of 
this transistor electrically electrically. 
[Claim 9] It is the approach of 
manufacturing the semiconductor device 
which comes to form a cavity directly 
under the febrile component arranged on 
a semi-conductor substrate. The process 
which uses corrosive gas and the gas of 
deposition nature, etches the 
above-mentioned semi-conductor 
substrate perpendicularly, and forms the 
hole entry section in the right-and-left 
both sides of the febrile component 
formed on the above-mentioned substrate, 
Then, the manufacture approach of the 
semiconductor device characterized by 
including the process form the hole body 
section respectively under each 
above-mentioned hole entry section using 
corrosive gas, each hole body sections are 
connected in that case, and it is made to 
become one cavity. 

[Claim 10] The manufacture approach of 
the semiconductor device characterized 
by to have the process which forms a 
barrier layer on the above-mentioned 
substrate through the etching stopper 
layer which has corrosion resistance to 
the 2nd etchant, and prepares the 
above-mentioned febrile component on 
this, the process which form the 
above-mentioned hole entry section using 



the 1st etchant, and the process which 
form the above-mentioned hole body 
section using the 2nd etchant in the 
manufacture approach of a 
semiconductor device according to claim 9. 
[Claim 11] The febrile component formed 
in one principal plane of a semi-conductor 
substrate, and the crevice formed in the 
above-mentioned substrate from the 
rear-face side in directly under [ of this 
febrile component ], In the semiconductor 
device equipped with the Bahia hall 
which connects the rear-face electrode of 
the above-mentioned substrate, and the 
top-face electrode of the above-mentioned 
substrate It is the semiconductor device 
characterized by coming to form two or 
more unit crevices in the field which 
corresponds directly under the 
above-mentioned febrile component as 
the above-mentioned crevice, and forming 
the above-mentioned substrate rear-face 
electrode along with the medial surface of 
two or more above-mentioned unit 
crevices. 

[Claim 12] In the approach of 
manufacturing the semiconductor device 
with which have a crevice directly under 
the febrile component formed on the 
semi-conductor substrate, and it comes to 
connect the rear-face electrode of the 
above-mentioned substrate, and the 
top-face electrode of the above-mentioned 
substrate in the Bahia hall Have the 1st 
opening to the field which should form 
the above-mentioned Bahia hall, and wet 
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etching of the above-mentioned substrate 
is carried out to the field which should 
form the above-mentioned crevice from 
the rear face using the etching mask 
which has two or more 2nd openings with 
an opening area smaller than the 1st 
opening of the above. The manufacture 
approach of the semiconductor device 
characterized by including the process 
which forms the single crevice where 
etching [ openings / two or more / which 
have above-mentioned Bahia hall and the 
predetermined depth / of the above / 2nd ] 
comes to be connected. 
[Claim 13] In the approach of 
manufacturing the semiconductor device 
with which have a crevice directly under 
the febrile component formed on the 
semi-conductor substrate, and it comes to 
connect the rear- face electrode of the 
above-mentioned substrate, and the 
top face electrode of the above-mentioned 
substrate in the Bahia hall Have the 1st 
opening to the field which should form 
the above-mentioned Bahia hall, and dry 
etching of the above-mentioned substrate 
is carried out to the field which should 
form the above-mentioned crevice from 
the rear face using the etching mask 
which has two or more 2nd openings with 
an opening area smaller than the 1st 
opening of the above. The manufacture 
approach of the semiconductor device 
characterized by including the process 
which forms the above-mentioned Bahia 
hall and two or more crevices which have 



the predetermined depth. 
[Claim 14] In the approach of 
manufacturing the semiconductor device 
with which have a crevice directly under 
the febrile component formed on the 
semi conductor substrate, and it comes to 
connect the rear-face electrode of the 
above-mentioned substrate, and the 
top-face electrode of the above-mentioned 
substrate in the Bahia hall The process 
which forms the crevice for the Bahia hall 
formation which has the 1st depth by dry 
etching in a part of field which should 
form the Bahia hall by the side of the 
above-mentioned substrate rear face, 
While forming the crevice which carries 
out wet etching of the above-mentioned 
substrate from the rear face using the 
etching mask which has opening, 
respectively to the field which should 
form the above-mentioned Bahia hall, 
and the field which should form the 
above-mentioned crevice, and has the 2nd 
depth The manufacture approach of the 
semiconductor device characterized by 
including the process which forms the 
Bahia hall penetration section which it 
makes it come to penetrate from a part of 
Bahia hall base base to the 
above-mentioned substrate front face. 
[Claim 15] In the approach of 
manufacturing the semiconductor device 
with which have a crevice directly under 
the febrile component formed on the 
semi-conductor substrate, and it comes to 
connect the rear-face electrode of the 
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above-mentioned substrate, and the 
top -face electrode of the above-mentioned 
substrate in the Bahia hall The process 
which forms the Bahia hall base which 
carries out wet etching of a part of Bahia 
hall formation field by the side of the 
above-mentioned substrate rear face, and 
has the 3rd depth, Dry etching is carried 
out using the etching mask which has 
opening corresponding to these fields for 
the field which should form the 
above-mentioned Bahia hall of the 
above-mentioned substrate, and the field 
which should form the above-mentioned 
crevice. The manufacture approach of the 
semiconductor device characterized by 
including the process which forms the 
crevice which has the 4th depth while 
forming the Bahia hall penetration 
section which it makes it come to 
penetrate from a part of above-mentioned 
Bahia hall base base to the 
above-mentioned substrate front face. 
[Claim 16] The manufacture approach of 
the semiconductor device characterized 
by including the process which fills up 
the inside of the above-mentioned crevice 
with a metal in the manufacture 
approach of a semiconductor device 
according to claim 14 or 15. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this 
invention relates to FET or IC 
(MMICMicrowave Monolithic Integrated 
Circuit) for the RFs by compound 
semiconductors (GaAs etc.) about a 
semiconductor device and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] The cross 
section of conventional FET for RFs or IC 
(MMIC) is shown in drawing 19 . 
moreover, the manufacture process flow -- 
drawing 20 (a) - drawing 20 (c) It is 
shown. In drawing, 1 is a substrate, for 
example, a GaAs substrate is well used as 
an object for RFs. 2 is the drain electrode 
formed on this substrate 1, and the 
laminated metal of AuGe/nickel/Au is 
used well. 3 is the gate electrode formed 
on the substrate 1, and the laminated 
metal of Ti/aluminum is well used for this. 
6 is the source electrode formed on the 
substrate 1, and the laminated metal of 
AuGe/nickel/Au is used well. 7 is the up 
electrode of the Bahia hall which was 
formed on the substrate 1 and which is 
mentioned later, and the laminated metal 
of Ti/Au or Ti/aluminum is used well. 8 is 
microstrip wiring and the laminating 
metal of Ti/Au is used well. 9 is the Bahia 
hall which penetrates a substrate 1, and 
is formed by dry etching or wet etching. 
10 is the grand electrode formed over the 
rear-face whole region of a substrate 1, 
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and nickel/Au is used well. In addition, 
although not illustrated here, the field 
used as a barrier layer shall be formed in 
the front face of the above-mentioned 
substrate 1. 

[0003] Next, the manufacture process 
flow of RF MMIC of drawing 20 is 
explained. First, the source electrode 6 
and the drain electrode 2 are formed by 
vacuum evaporationo and lift off on a 
substrate 1 at coincidence. Next, the gate 
electrode 3 is formed by vacuum 
evaporationo and lift off. Then, the 
passivation film, resistance, an inductor, 
and a capacitor (not shown, respectively) 
are formed. Next, the microstrip wiring 8 
is formed by vacuum evaporationo and 
lift off Furthermore, the Bahia hall up 
electrode 7 is formed by vacuum 
evaporationo, lift off, and plating 
( drawing 20 (a)). 

[0004] Then, grinding, wrapping, 
polishing, and etching perform sheet 
metaHzed processing from the rear face 
of a substrate 1, and a substrate 1 is 
made into the thickness of 100*200 
microns. And the Bahia hall 9 which 
penetrates a substrate 1 directly under 
the Bahia hall up electrode 7 is formed by 
etching ( drawing 20 R> 0 (b)). 
[0005] The grand electrode 10 electrically 
connected with the above-mentioned 
Bahia hall up electrode 7 is formed by 
forming nickel/Au by electroless 
deposition over the rear-face whole region 
of a substrate 1 finally, and forming Au 



by electrolytic plating further ( drawing 

20(c)). 

[0006] 

[Problem(s) to be Solved by the 
Invention] RF MMIC which is the 
conventional semiconductor device was 
constituted as mentioned above, and 
when it was GaAs with small thermal 
conductivity (thermal conductivity = 46 
W/m-K) since it was manufactured, and 
the thickness of a substrate 1 is 100-200 
microns, stripping of the heat generated 
near the gate electrode was bad, 
temperature rose, and there was a 
trouble of having a bad influence on a RF 
property or dependability. Moreover, 
although thickness of a substrate might 
be made thin to about 30 microns in order 
to improve heat leakage, there was a 
trouble that handling was difficult in this 
case. 

[0007] By the way, to for example, 
JP,61-23350,A, JP,63- 198377,A, and 
JP,4-311069,A Although what has a 
febrile component on a substrate front 
face, forms a crevice to near [ in which 
the above-mentioned febrile component 
was formed from the substrate rear-face 
side ] the field, and was filled up with the 
metal here is shown In order to connect a 
substrate rear-face lateral electrode and 
the up electrode formed in the substrate 
front face in such a configuration using 
the Bahia hall Problems, such as an 
increment in a production process and a 
fall of the manufacture precision by gap 



6 



JP06-3 10547 



of the mask alignment accompanying 
[ usually, etch and form the 
above-mentioned crevice and the Bahia 
hall using a mask different, respectively, 
and ] detailed -izing of equipment, might 
arise in this case. 

[0008] It was made in order that this 
invention might solve the above troubles, 
and it aims at offering the semiconductor 
device which can make heat leakage near 
the gate electrode good, keeping 
substrate thickness at 100-200 microns, 
and can raise a RF property and 
dependability, and its manufacture 
approach. 

[0009] Moreover, this invention is easy a 
production process and aims at offering 
the manufacture approach of a 
semiconductor device that equipment 
with a high manufacture precision can be 
obtained. 
[0010] 

[Means for Solving the Problem] The 
semiconductor device concerning this 
invention establishes a cavity in the 
direct lower part of the febrile component 
formed on the substrate. Moreover, film, 
such as a good metal of pyroconductivity, 
is prepared in the above-mentioned 
cavernous inside, or the inside of a cavity 
is filled up with layers, such as a metal. 
Moreover, or it prepares a metal 
membrane in the above-mentioned 
cavernous inside, the inside of a cavity is 
filled up with a metal layer, the hole 
which reaches the above-mentioned 



cavernous section from a substrate rear 
face further is formed, and it is made to 
connect with the metal layer in the 
above-mentioned cavity, and the earth 
electrode on the rear face of a substrate. 
[0011] Moreover, the semiconductor 
device concerning this invention is 
equipped with two or more unit crevices 
formed in the substrate field which 
corresponds directly under the 
above-mentioned febrile component from 
the substrate rear-face side. 
[0012] Moreover, the substrate of the 
right-and-left both sides of a febrile 
component is etched perpendicularly, the 
hole inlet-port section is formed, the hole 
body section is succeedingly formed 
respectively under each above-mentioned 
hole entry section, each hole body 
sections are connected in that case, and it 
is made for the manufacture approach of 
the semiconductor device concerning this 
semiconductor device to become one 
cavity. 

[0013] Moreover, the etching stopper 
layer which has corrosion resistance to 
the 2nd etchant is prepared in the 
above-mentioned substrate front face, the 
above-mentioned hole inlet-port section is 
formed by the 1st etchant, and the 
above-mentioned hole body section is 
formed using the 2nd etchant. 
[0014] moreover, the mask with which 
the manufacture approach of the 
semiconductor device concerning this 
invention has the 1st opening for the 



7 



JP06-310547 



Bahia hall formation, and the 2nd 
opening for crevice formation which has 
two or more 2nd openings with an 
opening area smaller than this 1st 
opening - using - a substrate - the wet 
etching from that rear face - or dry 
etching is carried out and the Bahia hall 
and a crevice are formed in coincidence. 
[0015] Moreover, the manufacture 
approach of the semiconductor device 
concerning this invention The crevice for 
the Bahia hall formation which has the 
1st depth by dry etching is formed in a 
substrate rear-face side. While forming 
the crevice which performs wet etching 
using the mask which has opening, 
respectively to the field which should 
form the above-mentioned Bahia hall, 
and the field which should form the 
above-mentioned crevice, and has the 2nd 
depth, and the Bahia hall base The Bahia 
hall penetration section which it makes it 
come to penetrate from this a part of base 
base to the above-mentioned substrate 
front face is formed. 

[0016] Moreover, the manufacture 
approach of the semiconductor device 
concerning this invention The Bahia hall 
base which has the 3rd depth by wet 
etching is formed in a part of Bahia hall 
formation field by the side of a substrate 
rear face. While forming the crevice 
which performs dry etching using the 
mask which has opening, respectively to 
the field which should form the 
above-mentioned Bahia hall, and the 



field which should form the 
above-mentioned crevice, and has the 4th 
depth The Bahia hall penetration section 
which it makes it come to penetrate from 
a part of above-mentioned Bahia hall 
base base to the above-mentioned 
substrate front face is formed. 
[0017] 

[Function] In this invention, since the 
cavity is formed directly under the febrile 
component, the heat generated near the 
febrile component is conducted in all the 
directions of vertical and horizontal, but 
in order to conduct the heat conducted to 
down [ of a substrate ] in the direction of 
an entry of a cavity from the inside of a 
cavity, thermal conductivity is improved. 
[0018] Moreover, the effectiveness of a 
thermal conductivity improvement 
becomes larger by layers, such as a metal 
filled up with the inside of film, such as a 
metal prepared in the above-mentioned 
cavernous inside, or a cavity. Moreover, 
since it is made to penetrate with the hole 
which filled up the inside of a cavity with 
the metal layer, and was formed from the 
substrate rear face and made to connect 
with the earth electrode on the rear face 
of a substrate or it prepared the metal 
membrane in the above-mentioned 
cavernous inside, it functions as a Bahia 
hall. 

[0019] Moreover, in this invention, since 
the holes which adjoin by forming the 
hole body section following these to the 
hole inlet-port section formed in the 
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substrate of the right-and-left both sides 
of a febrile component were connected, it 
can be emasculated directly under 
[ above-mentioned ] a febrile component. 
[0020] Moreover, the dimension control at 
the time of forming the hole body section 
is attained by the etching stopper layer 
which was formed on the substrate and 
which is formed into an immobilization 
object to the 2nd etchant. 
[0021] Moreover, in this invention, the 
Bahia hall and a crevice are formed in 
coincidence by performing wet etching or 
dry etching using the mask which has the 
1st opening for the Bahia hall formation, 
and the 2nd opening for crevice formation 
which has two or more 2nd openings with 
an opening area smaller than this 1st 
opening. 

[0022] Moreover, the crevice for the Bahia 
hall formation which has the 1st depth by 
dry etching is formed in a substrate 
rear-face side. While forming the crevice 
which performs wet etching using the 
mask which has opening, respectively to 
the field which should form the 
above-mentioned Bahia hall, and the 
field which should form the 
above-mentioned crevice, and has the 2nd 
depth, and the Bahia hall base By 
forming the Bahia hall penetration 
section which it makes it come to 
penetrate from this a part of base base to 
the above-mentioned substrate front face, 
the remnants thickness of the substrate 
in a crevice is easily controllable. 



[0023] Moreover, the Bahia hall base 
which has the 3rd depth by wet etching is 
formed in a substrate rear-face side. 
While forming the crevice which performs 
dry etching using the mask which has 
opening to the field which should form 
the above-mentioned Bahia hall, and the 
field which should form the 
above-mentioned crevice, and has the 4th 
depth By forming the Bahia hall 
penetration section which it makes it 
come to penetrate from the 
above-mentioned Bahia hall base to the 
above-mentioned substrate front face, the 
remnants thickness of the substrate in a 
crevice is easily controllable. 
[0024] 

[Example] The example of this invention 
is explained about drawing below 
example 1. Drawing 1 is the sectional 
view of RF MMIC by the 1st example of 
this invention, and is drawing 2 (a). - (e) 
****** which shows that manufacture 
process flow. In these drawings, a 
considerable part is shown and 4 is that 
the same sign as drawing 8 is the same, 
or the cavity formed in the substrate 1 
directly under the gate section. Moreover, 
4a is the entry section of the cavity 
formed directly under the source 
electrode 6, and 4b is the body section of a 
cavity. Moreover, 5 is the cavernous 
money-paid-on-account group formed in 
the cavity 4. In addition, although not 
illustrated here, the field used as a 
barrier layer shall be formed in substrate 
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1 front face. 

[0025] Next, the detail of a manufacture 
process flow shown in drawing 2 is 
explained. First, the drain electrode 2 is 
formed by vacuum evaporationo and lift 
off on the GaAs substrate 1. Next, the 
gate electrode 3 is formed by vacuum 
evaporationo and lift off ( drawing 2 (a)). 
Subsequently, a perpendicular hole is 
formed in the part used as a drain 
electrode by dry etching. At this time, 
using what mixed chlorine gas and silicon 
tetrachloride gas at a rate of 1 to 4 in 
order to obtain corrosive and deposition 
nature to etching gas, a photoresist (not 
shown) is used as a mask and they are 
30mTorr(s). By etching for 10 minutes by 
the pressure, perpendicular with a depth 
of about 10 microns hole (entry section) 
4a is formed ( drawing 2 (b)). 
[0026] Subsequently, the same 
photoresist is used as a mask as it is, in 
order to acquire corrosive as etching gas, 
what mixed chlorine gas and silicon 
tetrachloride gas at a rate of 1 to 1 is used, 
and it is 60mTorr. If it etches for 30 
minutes by the pressure The hole and 
hole which an isotropic hole with a depth 
of about 50 microns is formed, and adjoin 
are connected, and oblong one hole (body 
section) 4b is formed ( drawing 2 (c)X 
Since the resultant (formed from Si, C, CI, 
and O) which protects a side attachment 
wall remains in the part etched into the 
perpendicular at this time, also in case it 
etches oblong, the perpendicular 



configuration of entry section 4a formed 
previously is maintained. Furthermore, 
the same photoresist is used as a mask as 
it is, and nickel or Au is formed as a 
cavernous money-paid-on-account group 

5 by electroless deposition ( drawing 2 
(d)). 

[0027] Subsequently, the source electrode 

6 is formed in vacuum evaporationo and 
lift off, then the passivation film, 
resistance, an inductor, and a capacitor 
(not shown, respectively) are formed. In 
addition, although it is that to which 
between the source electrodes 6 which 
adjoin by the cavernous 
money-paid-on-account group 5 here was 
connected, it is made not to connect the 
cavernous money-paid-on-account group 
5 and the source electrode 6 according to 
the purpose of use. Next, the microstrip 
wiring 8 is formed by vacuum 
evaporationo and lift off. Furthermore, 
the Bahia hall up electrode 7 is formed by 
vacuum evaporationo lift off and plating. 
Then, grinding, wrapping, polishing, and 
etching perform sheet metaHzed 
processing from the rear face of a 
substrate 1, and the GaAs substrate 1 is 
made into the thickness of 100-200 
microns. And the Bahia hall 9 which 
penetrates a substrate 1 directly under 
the Bahia hall up electrode 7 is formed by 
etching. The grand electrode 10 
electrically connected with the 
above-mentioned Bahia hall up electrode 

7 is formed by forming nickel/Au by 
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electroless deposition over the rear-face 
whole region of a substrate 1 finally, and 
forming Au by electrolytic plating further 
( drawing 2 (e)). 

[0028] Thus, since the cavity 4 which has 
entry section 4a linked to the source 
electrode 6 in the GaAs substrate 1 
directly under [ source electrode 6 ] the 
gate electrode 3 was formed according to 
this example The heat generated with 
about three gate electrode can raise a RF 
property and dependability, coming to 
conduct in the direction of entry section 
4a of a cavity from four in a cavity, and 
having improved thermal conductivity, 
therefore maintaining the thickness of a 
substrate 1. Moreover, since the metal 
layer 5 in a cavity (golden thermal 
conductivity 319 W/nrK) is formed along 
with this in the cavity 4, the 
improvement effect of thermal 
conductivity is large. 

[0029] RF MMIC by the 2nd example of 
example 2., next this invention and its 
manufacture approach are explained 
about drawing. As shown in drawing 3 , 
the inside of a cavity 4 is filled up with 
this example 2 with a metal 50. 
[0030] Next, the manufacture approach is 
explained. The drain electrode 2 and the 
gate electrode 3 are formed in substrate 1 
front face like the above-mentioned 
example, and cavernous entry section 4a 
and body section 4b are formed by etching 
(refer to drawing 4 (a) - (c)). 
[0031] Then, the inside of a hole 4 is 



embedded with the metals 50, such as 
nickel or Au, by electroless deposition or 
electroplating of a pulse type ( drawing 4 
(d)). Subsequently, like the 
above-mentioned example, formation of 
each electrode and other circuit elements, 
substrate sheet metaHzed processing, 
and formation of the Bahia hall are 
performed, and, finally the grand 
electrode 10 is formed ( drawing 4 (e)X 
[0032] Thus, since the inside of a cavity 4 
is filled up with this example 2 with the 
metal 50 while being able to raise further 
stripping of the heat generated with 
about three gate electrode by filling up 
the inside of a cavity 4 with a metal 50, 
the fall of the substrate reinforcement by 
cavernous 4 formation can be prevented. 
In addition, as the above-mentioned 
metal 50, what has a near substrate 1 
and coefficient of thermal expansion is 
desirable. 

[0033] RF MMIC by the 3rd example of 
example 3., next this invention and its 
manufacture approach are explained 
about drawing. As shown in drawing 5 , 
while filling up the inside of a cavity 4 
with a metal 50, hole 4c is formed 
towards the cavernous section 4 from 
GaAs substrate 1 rear face, a metal 51 is 
filled up with this example 3 in hole 4c, 
and the grand electrode 10 and the source 
electrode 6 on the back are electrically 
connected in it. 

[0034] Next, the manufacture approach is 
explained. Drawing 6 (a) - (d) A process is 
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drawing 4 (a). - (d) Since it is the same as 
that of a process, the process after it is 
explained here. Drawing 6 (e) After 
forming each electrode so that it may be 
shown, a substrate 1 is sheet-metalized 
to 100-200 microns. The Bahia hall up 
electrode is not formed at this time. 
[0035] Subsequently, drawing 6 (f) It sets, 
and a photoresist (not shown) is formed 
in a mask, hole 4c is formed in substrate 
1 rear face by dry etching, and it is made 
open for free passage with the cavernous 
section 4. And nickel/Au is formed in the 
last by electroless deposition over the 
substrate rear-face whole region after 
photoresist removal, Au is further formed 
by electrolytic plating, and it considers as 
the rear-face electrode 10 and a metal 51. 
[0036] By using such an approach, the 
cavernous money-paid-on-account group 
for heat leakage and the Bahia hall for 
grounding the source electrode 6 can be 
made to serve a double purpose, and 
detailed-ization of a device can be 
attained. 

[0037] RF MMIC by the 4th example 4 of 
example 4., next this invention is 
explained about drawing. As shown in 
drawing 7 , in this example, it is made to 
perform dimension control at the time of 
the porosi by using on GaAs what carried 
out the laminating of i-AlGaAs, a buffer 
layer, and the n-GaAs layer one by one as 
a substrate. 

[0038] Hereafter, the manufacture 
approach is explained. As opposed to the 



substrate which carried out the 
laminating of i-AlGaAs layer lc, buffer 
layer lb, and the n-GaAs layer la on the 
GaAs substrate 1 What mixed chlorine 
gas and silicon tetrachloride gas at a rate 
of 1 to 4 first is used at the time of the 
porosi. 30mTorr(s) After etching 
perpendicularly n-GaAs layer la, buffer 
layer lb, and i-AlGaAs layer lc by the 
pressure, What mixed chlorine gas, 
silicon tetrachloride gas, and 6 
sulfur- fluoride gas at a rate of 1 to 4 to 1 
is used, and it is 60mTorr. If it etches for 
30 minutes by the pressure, the hole and 
hole which the hole where the about 
50-micron depth is oblong is formed, and 
adjoin will be connected, and the one 
cavity 40 will be formed. At this time, 
since i-AlGaAs layer lc is passivated by 6 
sulfur-fluoride gas, it is not etched, 
therefore it acts as an etching stopper 
layer to buffer layer lb at the time of 
oblong cavernous 40 formation, and the 
dimension control at the time of etching 
becomes easy. Moreover, since the 
resultant (formed by Si, C, CI, and O) 
which protects a side attachment wall 
remains in the part which etched 
perpendicularly n-GaAs layer la, buffer 
layer lb, and i-AlGaAs layer lc, also in 
case it etches oblong, this perpendicular 
configuration is maintained. In addition, 
52 and 53 show the metal filled up with 
the oblong hole 40 and hole 4c, 
respectively. 

[0039] In addition, also except a metal, 
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although a cavernous inside is covered 
using a metal or it was made to fill up 
with the 1st and 2nd examples of the 
above, if conductive resin of thermal 
conductivity etc. is good, this can be used, 
for example. 

[0040] Moreover, although the metal 50 
and the grand electrode 10 which are 
filled up with the inside of a cavity 4 were 
connected in the 3rd example of the above, 
you may make it connect with the 
cavernous moneypaid-on-account group 
5 formed in cavernous 4 inside in the 
configuration of the 1st example. 
[0041] Example 5., next the manufacture 
approach of RF MMIC by the 5th 
example of this invention are explained 
about drawing. In drawing 8 R> 8, 11 is 
the crevice formed in the substrate 1 of 
the lower part of FET, and the bottom 
surface part of this crevice 11 has become 
corrugated plate "like. 
[0042] Next, the manufacture approach is 
explained. First, drawing 9 R> 9 (a) After 
forming the drain electrode 2, the gate 
electrode 3, the source electrode 6, and 
the Bahia hall up electrode 7 in GaAs 
substrate 1 front face like the 
conventional example so that it may be 
shown, it etches using the mask which 
has the openings 13a and 13b of a 
configuration as performed sheet 
metal* ized processing, and continuously 
shown in substrate 1 rear face at drawing 
10 . 

[0043] At this time, a mutual opening 



area etches using the etching mask 13 
which has opening different 10 or more 
times. Here, opening 13a of the smaller 
one set 50micrometerxl0micrometer and 
opening 13b of the larger one to 
100micrometerx50micrometer. It is H2 
S04 to drawing 11 . : H2 02 : The 
dependency over the mask opening area 
of an etching rate in H2 
O=100cc:500cc:i00cc is shown. When 
mask opening area differs 10 times from 
this drawing, it turns out that about 
20*30 micrometers of etching depth differ. 
Therefore, when the Bahia hall 9 
penetrates a substrate 1, the hole 
(crevice) 11 of another side can leave the 
thickness of 20*30 micrometers of the 
GaAs substrate 1, and can end etching. 
Etching time is about 120 * 150 minutes 
for about 90 - 120 minutes, when 
substrate thickness is 100 micrometers, 
about 30 * 40 minutes, and substrate 
thickness are 150 micrometers, and 
substrate thickness is 200 micrometers. 
Moreover, at this example 5, it is H2 S04. 
Since the wet etching of a system is used, 
0.6 to 1.0 times as many side etching as 
this arises to the depth direction. 
Consequently, since it is 30 micrometers, 
the distance with the contiguity pattern 
of mask opening 13a of the smaller one is 
drawing 9 (b). Side etching of contiguity 
patterns overlaps and it comes to form 
one big hole 11 so that it may be shown. 
Moreover, although the base of a hole 11 
becomes corrugated plate-like in that 
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case, it is uninfluential in the heat 
dissipation effectiveness of the febrile 
component formed in substrate 1 front 
face. 

[0044] Then, the grand electrode 10 is 
formed in the rear face of a substrate 1 
like each above-mentioned example 
( drawing 9 (c)). Moreover, it may be 
made to embed the inside of next, then a 
hole 11 by the Au plating 12 (refer to 
drawing 9 (d)), and by doing in this way, 
the heat generated in the front-face side 
of a substrate 1 can be promptly 
transmitted to a substrate rear-face side, 
power efficiency improves, and 
dependability also improves further. 
[0045] Thus, by performing wet etching 
using the etching mask 13 which has the 
openings 13a and 13b from which the 
opening area differs 10 or more times 
according to this example Since the 
crevice 11 and the Bahia hall 9 for heat 
dissipation can be formed in coincidence 
and a production process etches simply 
using the same mask, it is not necessary 
to take problems, such as mask 
alignment, into consideration, and a 
process is easy and manufacture 
precision can be raised further. Moreover, 
since it is mainly carried out from a 
substrate rear-face side about heat 
dissipation, the effect on the component 
formed in the substrate front face 
compared with the above-mentioned 
example 1 thru/or the example 4 is 
reduced. 



[0046] In addition, in this example, 
although the inside of the 
above-mentioned hole 11 was filled up 
with the Au plating 12, since it becomes 
the structure where AuSn solder flowed 
into the crevice 11 at the time of die bond 
by using a little more AuSn solder used in 
case die bond of the chip is carried out, 
and it filled up with this crevice 11 with 
AuSn solder, it can also consider as the 
same configuration. 

[0047] Example 6., next the manufacture 
approach of RF MMIC by the 6th 
example of this invention are explained 
about drawing. In drawing 12, the Bahia 
hall where 9a was formed in the 
perpendicular configuration, and 11a are 
two or more crevices of the perpendicular 
configuration formed in the direction 
under FET. 

[0048] Next, the manufacture approach is 
explained. Dry etching is performed 
using the etching mask which has 
opening from which each opening area as 
shown in drawing 10 differs 10 or more 
times through a surface process and 
sheet metal chemically-modified degree 
like the above-mentioned example 5. 
Here, opening of the smaller one set 
70micrometerxl0micrometer and 
opening of the larger one to 
100micrometerx70micrometer. Moreover, 
they are SiC14 / C12 to drawing 14 . The 
dependency over the mask opening area 
of the etching rate at the time of using 
gas is shown. When mask opening area 
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differs 10 times from this drawing, it 
turns out that about 20-30 micrometers 
of etching depth differ. Therefore, when 
Bahia hall 9a penetrates a substrate 1, 
hole lib of another side can leave the 
thickness of 20-30 micrometers of the 
GaAs substrate 1, and can end etching. 
Etching time is about 200 - 220 minutes 
for about 150 - 170 minutes, when 
substrate thickness is 100 micrometers, 
about 100 minutes - 120 minutes, and 
substrate thickness are 150 micrometers, 
and substrate thickness is 200 
micrometers. 

[0049] In this example, since it is the dry 
etching of CI system, side etching hardly 
arises. Consequently, since it is 5 
micrometers, the distance with the 
contiguity pattern of mask opening 13a of 
the smaller one is drawing 13 (b). The 
crevice formed in the substrate 1 serves 
as a cross-section configuration of 
Kushigata so that it may be shown. Then, 
the grand electrode 10 is formed by the 
same approach as the above-mentioned 
example, and by setting the thickness to 
5 micrometers, it can form so that Au 
may embed in a hole with a width of face 
of 10 micrometers ( drawing 11 (c)). 
[0050] With constituting as mentioned 
above, by transmitting promptly the heat 
generated in the substrate front-face side 
like the above-mentioned example as 
effectiveness acquired to a rear-face side, 
power efficiency can be improved and 
dependability can also be improved 



further. Moreover, since a clearance is 
between the grand electrodes 10 formed 
in crevice 11a, the stress by thermal 
stress can be eased and the curvature of a 
chip etc. can be reduced. 
[0051] Example 7., next the manufacture 
approach of RF MMIC by the 7th 
example of this invention are explained 
about drawing. In drawing 1515 , the 
Bahia hall upper part of a perpendicular 
configuration in which 9b was formed of 
dry etching, and 9c are the Bahia hall 
lower parts of the shape of a taper formed 
in wet etching with the crevice 11. 
[0052] Next, the manufacture approach is 
explained. Although two kinds of holes 
where the Bahia hall differs from the 
depth from a rear-face side continuously 
through a surface process and sheet 
metal chemically-modified degree 
( drawing 16 (a)) like the conventional 
example are formed, Bahia hall 9d is first 
formed to the middle by dry etching as 
the 1st step in this case. At this time, a 
positive resist is used as an etching mask 
and etching gas is SiC14 / C12 as well as 
the above-mentioned example 6. By 
etching for about 30 minutes using the 
thing of a system, with a depth of 30 
micrometers hole 9d is formed ( drawing 
16(b)). 

[0053] Next, as the 2nd step, the negative 
resist which carried out opening to 
directly under [ FET section ] and the 
Bahia hall part, respectively is used for 
an etching mask, and when substrate 
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thickness is 100 micrometers, the Bahia 
hall is made to penetrate by carrying out 
wet etching to a depth of about 70 
micrometers. When substrate thickness 
is 150 micrometers and 120 micrometers 
and substrate thickness are 200 
micrometers about the depth of wet 
etching, the depth of wet etching is set to 
170 micrometers ( drawing 16 (c)). Then, 
the inside of a hole 11 is embedded by the 
Au plating 12 ( drawing 16 (d)). 
[0054] Thus, in this example 7, by 
forming a part of Bahia hall previously by 
dry etching, and forming Bahia hall lower 
9c and a crevice 11 in coincidence in wet 
etching, an etching process can be 
shortened, and remnants thickness of a 
substrate can be controlled easily, and 
manufacture precision can be raised. 
[0055] Example 8., next the manufacture 
approach of RF MMIC by the 8th 
example of this invention are explained 
about drawing 17 . In drawing, the 
crevice of a perpendicular configuration 
where 11a was formed in the FET lower 
part of dry etching, the upper part of the 
Bahia hall of the perpendicular 
configuration formed of 9d of dry etching, 
and 9e are the lower parts of the Bahia 
hall formed of wet etching. 
[0056] Next, the manufacture approach is 
explained. It continues through a surface 
process and sheet metal 

chemically-modified degree ( drawing 18 
(a)) like the conventional example, and in 
case the Bahia hall and this Bahia hall 



form the hole where the depth differs 
from a rear- face side, lower 9e of the 
Bahia hall is first formed by wet etching 
as the 1st step. Using negative resist, 
using what has an etching reagent the 
same as the above, 100 micrometers, 150 
micrometers, and 200 micrometers of 
substrate thickness are about 5 minutes, 
and, as for the etching mask at this time, 
a hole with a depth of about 30 
micrometers is formed, as for etching 
time ( drawing 18 (b)). 
[0057] Next, the positive resist which 
carried out opening to directly under 
[ FET section ] and the interior of Bahia 
hall lower 9e, respectively is used for an 
etching mask, and while forming 9f of 
upper parts of the Bahia hall and making 
the Bahia hall penetrate by carrying out 
dry etching to a depth of about 70 
micrometers, crevice 11a of a 
perpendicular configuration is formed in 
an FET lower part ( drawing 18 (c)). 
When substrate thickness is 150 
micrometers and 120 micrometers and 
substrate thickness are 200 micrometers 
about the depth of dry etching, the depth 
of dry etching is set to 170 micrometers. 
The gas of the dry etching at this time is 
SiC14 / C12 as well as the 
above-mentioned example 7. A system is 
used. Then, the inside of a hole 11 is 
embedded by the Au plating 12 ( drawing 
18(d)). 

[0058] Thus, after forming Bahia hall 
lower 9e previously by wet etching, by 
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forming crevice 11a and 9f of the Bahia 
hall upper parts in coincidence by dry 
etching, time amount which etching 
processing takes can be shortened like 
the above-mentioned example 7, and 
remnants thickness of a substrate can be 
controlled easily, and manufacture 
precision can be raised. 
[0059] In addition, although two kinds of 
holes, the upper part and the lower part, 
were formed from the substrate rear-face 
side, formation of the Bahia hall up 
electrode 7 is made into behind, and you 
may make it form Bahia hall up 9b from a 
substrate front- face side by dry etching 
first in the above-mentioned example 7. 
Furthermore, although FET for RFs was 
mentioned as the example and each 
above-mentioned example explained it as 
a febrile component, it cannot be 
overemphasized that you may be febrile 
components other than this. 
[0060] 

[Effect of the Invention] As mentioned 
above, according to the semiconductor 
device concerning this invention, since 
the cavity was formed directly under the 
febrile component, the heat generated 
near the febrile component can be 
radiated efficiently, consequently 
handling is effective in MMIC a RF 
property and whose dependability 
improved in the conventional state being 
obtained. Moreover, it is effective in heat 
leakage becoming larger by layers, such 
as a metal filled up with the inside of film, 



such as a metal with the high thermal 
conductivity prepared in the 
above-mentioned cavernous inside, or a 
cavity. 

[0061] Moreover, since it is made to 
penetrate with the hole which filled up 
the inside of a cavity with the metal layer, 
and was formed from the substrate rear 
face and made to connect with the earth 
electrode on the rear face of a substrate 
or it prepared the metal membrane in the 
above-mentioned cavernous inside, the 
metal for heat dissipation will function as 
a Bahia hall, and it is effective in the 
ability to attain detailed-ization of a 
device. 

[0062] Moreover, since the manufacture 
approach of the semiconductor device 
concerning this invention connected the 
holes which adjoin by forming the oblong 
hole body section following the hole 
inlet-port section of the perpendicular 
configuration formed in febrile 
component both sides, it has the 
effectiveness which can be easily 
emasculated directly under a febrile 
component. 

[0063] moreover, the above - there is 
effectiveness whose dimension control at 
the time of forming the oblong hole body 
section is attained by forming on a 
substrate the etching stopper layer 
formed into an immobilization object to 
the etchant used in case the oblong hole 
body section is formed. 
[0064] Moreover, the manufacture 
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approach of the semiconductor device 
concerning this invention Wet etching or 
dry etching is performed using the mask 
which has the 1st opening for the Bahia 
hall formation, and the 2nd opening for 
crevice formation which has two or more 
2nd openings with an opening area 
smaller than this 1st opening. Since the 
Bahia hall and the crevice were formed in 
coincidence, there is effectiveness which 
can shorten the time amount which 
etching processing takes, and can control 
the remnants thickness of the substrate 
in a crevice easily. 

[0065] Moreover, the crevice for the Bahia 
hall formation which has the 1st depth by 
dry etching is formed in a substrate 
rear-face side. While forming the crevice 
which performs wet etching using the 
mask which has opening, respectively to 
the field which should form the 
above-mentioned Bahia hall, and the 
field which should form the 
above-mentioned crevice, and has the 2nd 
depth, and the Bahia hall base Since the 
Bahia hall penetration section which it 
makes it come to penetrate from this a 
part of base base to the above-mentioned 
substrate front face was formed, the 
remnants thickness of the substrate in a 
crevice is easily controllable. 
[0066] Moreover, the Bahia hall base 
which has the 3rd depth by wet etching is 
formed in a substrate rear-face side. 
While forming the crevice which performs 
dry etching using the mask which has 



opening to the field which should form 
the above-mentioned Bahia hall, and the 
field which should form the 
above-mentioned crevice, and has the 4th 
depth Since the Bahia hall penetration 
section which it makes it come to 
penetrate from the above-mentioned 
Bahia hall base to the above-mentioned 
substrate front face was formed, there is 
effectiveness which can shorten the time 
amount which etching processing takes, 
and can control the remnants thickness 
of the substrate in a crevice easily. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll The sectional view showing 
the semiconductor device (RF MMIC) by 
the 1st example of this invention. 
[Drawing 21 The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 31 The sectional view showing 
the semiconductor device (RF MMIC) by 
the 2nd example of this invention. 
[Drawing 41 The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 51 The sectional view showing 
the semiconductor device (RF MMIC) by 
the 3rd example of this invention. 
[Drawing 6] The sectional view showing 
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the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 71 The sectional view showing 
the semiconductor device (RF MMIC) by 
the 4th example of this invention. 
[Drawing 8l The sectional view showing 
the semiconductor device (RF MMIC) by 
the 5th example of this invention. 
[Drawing 9l The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 10] Drawing showing the 
etching mask used in the 
above-mentioned manufacture approach. 
[Drawing 111 Drawing for explaining the 
dependency of the etching rate to the 
mask opening area at the time of wet 
etching. 

[Drawing 121 The sectional view showing 
the semiconductor device (RF MMIC) by 
the 6th example of this invention. 
[Drawing 131 The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 14] Drawing for explaining the 
dependency of the etching rate to the 
mask opening area at the time of dry 
etching. 

[Drawing 15l The sectional view showing 
the semiconductor device (RF MMIC) by 
the 7th example of this invention. 
[Drawing 16] The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 171 The sectional view showing 
the semiconductor device (RF MMIC) by 



the 8th example of this invention. 
[Drawing 181 The sectional view showing 
the manufacture approach of the 
above-mentioned semiconductor device. 
[Drawing 191 The sectional view showing 
the conventional semiconductor device 
(RF MMIC). 

[Drawing 20] The sectional view showing 
the manufacture approach of the 
conventional semiconductor device (RF 
MMIC). 

[Description of Notations] 

1 GaAs Substrate 
la n-GaAs layer 
lb Buffer layer 
lc i- AlGaAs layer 

2 Drain Electrode 

3 Gate Electrode 

4 Cavity 

4a Hole entry section 
4b Hole body section 
4c Hole 

5 Metal in Cavity 

50 Metal in Cavity 

51 Metal in Hole 

52 Metal in Cavity 

53 Metal in Hole 

6 Source Electrode 

7 Bahia Hall Up Electrode 

8 Microstrip Wiring 

9 9a Bahia hall 

9b 9c Bahia hall upper part 
9c, 9e Bahia hall lower part 

10 Rear-Face Grand Electrode 

11 Crevice 

12 Au Plating 
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13 Etching Mask 



[Translation done.] 



